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(54) Apparatus and method for detecting misfires in internal combustion engine 



(57) An apparatus for detecting misfires in an inter- 
nal combustion engine (1) that is mounted on a vehicle. 
A plurality of cylinders is defined in the engine (1), and 
a piston accommodated in each cylinder to reciprocate 
in the cylinder. A crankshaft (13) is connected with the 
piston, the crankshaft (13) is rotated by the reciprocal 
movement of the piston. An engine speed sensor (25) is 
provided for detecting the rotating speed of the crank- 
shaft (13). An electronic conrrol unit (ECU) (30) com- 
putes the deviation of rotating speed of the crankshaft 
(13) corresponding to each cylinder based on the 
detected engine speed, and the deviation is propor- 
tional to the engine (1) load. The ECU (30) sets a lean- 
ing value based on the computed deviation, wherein the 
learning value is used for detecting the misfires in the 
engine (1). A memory (33) is provided for storing the 
learning value. Several sensors are provided for detect- 
ing a running condition of the engine (1), wherein the 
condition is included the engine (1) load. The ECU (30) 
renews the learning value stored in the memory (33) 
based on the detected condition of the engine (1). The 
ECU (30) determines whether the misfires occurs in 
each cylinder based on the difference between the devi- 
ation and the learning value. The ECU (30) renews the 
learning value when the engine (1) load is less than a 
predetermined value. 
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Description 
TECHNICAL FIELD 

5 The present invention relates to an apparatus for detecting misfires in the cylinders of an internal combustion 
engine on a vehicle. 

RELATED BACKGROUND ART 

10 Generally, in a multi-cylinder type engine, combustion variation is caused following reasons: 

(1) Complexity of the shape of the intake pipe; 

(2) Uneven distribution of intake air caused by intake air interference. Intake air interference refers to the interfer- 
is ence of compression waves of intake air between the intake ports and a converged part of the intake manifold. 

(3) Combustion temperature differences between the cylinders; and 

(4) Variations in the volume of the cylinder's combustion chamber and variations in the shape of the pistons gener- 
ic ated during the machining of the pistons. 

In recent high-performance engines, which generate high power and have low fuel consumption, deterioration or 
malfunction of injectors and ignition plugs often causes variations in combustion among the cylinders. The combustion 
variation may result in intermittent misfires. 

25 Misfires not only cause the engine torque to fluctuate, but also discharge unburned fuel from the misfiring cylinder 
and leak unburned fuel out of the engine. It is therefore necessary to detect misfires and to inform the driver of the 
occurrence of a misfire as soon as the misfire occurs This allows the driver to deal with misfires as early as possible. 
Several techniques for quickly detecting misfires and informing a driver of the misfires have been proposed. 

One of the proposed techniques includes an engine crankshaft having a rotor for detecting misfires. The rotor has 

30 plurality of teeth that project from the circumferential surface. Equal intervals are provided between each pair of adja- 
cent teeth. A sensor is opposed to the circumferential surface of the rotor The sensor detects passage of each tooth. 
When the rotor is rotating, the time period during which the rotor rotates by a certain number of degrees is computed. 
A determination value is computed based on the computed time period. Misfires are detected If the determination value 
is greater than a determination level. 

35 The teeth on the rotor may be displaced. The interval between each pair of teeth should be equal. However, the 
location of each tooth will be slightly displaced from where it should be if the machining of the teeth is not as accurate 
as required. This displacement of teeth location is referred to as teeth displacement. Teeth displacement as used herein 
includes axial displacement. Axial displacement is displacement of the teeth along the axis of the crankshaft One of the 
causes for the axial displacement is crankshaft torsion. When determining the determination level, the tooth displace- 

40 ment must be taken into consideration. In the prior art apparatuses, the determination level is learned and renewed for 
adequately adjusting the determination level. 

For example, Japanese Unexamined Patent Publication No. 4-265475 discloses an apparatus that detects a cylin- 
der in which combustion has been stopped by clogging or malfunction of the corresponding injector. The apparatus 
compensates for teeth displacement when the supply of fuel to the engine is temporarily stopped, or when a fuel cut- 

45 off operation is executed. Since fuel is not combusted during a fuel cut-off operation, detection of the teeth displacement 
is not affected by misfires. During a fuel cut-off operation, a test cylinder is selected. Then, the time during which the 
associated piston moves from one point to another is computed. In other words, the piston speed is computed in the 
test cylinder. 

In the same manner, the piston speed is detected in another two cylinders, or reference cylinder, the combustion 
so strokes of which are before and after the combustion stroke of the test cylinder. The average piston speed of the refer- 
ence two cylinders is computed. A compensation value is computed based on the difference between the piston speed 
of the test cylinder and the average piston speed of the reference cylinders. A misfire determination level of the test cyl- 
inder is computed based on the piston speed of the test cylinder by referring to function data stored in a memory. The 
determination level is then compensated with the above computed compensation value and stored in the memory. The 
55 compensated determination level is thus learned. 

Thereafter, when the fuel cut-off operation is finished and fuel injection is started again, a determination value for 
detecting the combustion state of the test cylinder is computed based on the piston speed in the test cylinder and the 
average piston speed of the reference cylinders. If the determination value is smaller than the determination level, it is 
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judged that a misfire has o< 




in the test cylinder. 




As described above, a rrWfre determination level is learned, or compensatlBmd stored in the memory, when a 
fuel cut-off operation is executed. This eliminates errors caused by teeth displacement of the rotor when misfire detec- 
tion is performed. The accuracy of misfire detection is thus improved. 

In the above described prior art, the determination level is learned, or compensated and stored in the memory, only 
when a fuel cut-off operation is performed. Generally, a fuel cut-off operation is performed when the vehicle speed is in 
a certain range, the crankshaft speed is in a certain range and an idle switch is on (when the throttle valve is fully 
closed). However, such a fuel cut-off operation is not often performed when the vehicle is moving. This results in the 
determination level for each cylinder being rarely learned, or rarely compensated and stored in the memory. 

Further, even if a fuel cut-off operation is performed, it generally lasts for very short time. Therefore, there is not 
sufficient time for learning the determination level. When the learning of the determination level is rarely performed, the 
accuracy of the misfire detection is degraded. 

DISCLOSURE OF THE INVENTION 

Accordingly, it is an objective of the present invention to provide a misfire detecting apparatus having improved 
accuracy. 

To achive the above objective, the present invention is provided for an apparatus for detecting misfires in an internal 
combustion engine of a vehicle, the apparatus includes a plurality of cylinders defined in the engine, a piston accom- 
modated in each cylinder to reciprocate in the cylinder, a shaft connected with the pistons, the shaft being rotated by 
the reciprocal movement of the pistons, a speed sensor for detecting the rotating speed of the shaft a deviation compu- 
ter for computing the deviation between earlier and later times of the rotating speed of the shaft at a selected portion of 
the cycle of a selected piston based on the detected speed of the shaft, wherein the deviation is affected by the load on 
the engine, a setting means for setting a learning value based on the computed deviation, wherein the learning value is 
a reference value used for detecting misfires in the cylinders, a memory for storing the learning value, a condition sen- 
sor for detecting a running condition of the engine, wherein the condition is indicative of the load on the engine, a learn- 
ing means for renewing the learning value stored in the memory based on the detected condition of the engine, a first 
determiner for determining whether a misfire has occurred in each cylinder based on the difference between the devi- 
ation and the learning value, and means for permitting the renewing the learning value by the learning means only when 
the engine load is less than a predetermined value. 

Also, the present invention is provided for a method for detecting misfires in an internal combustion engine, the 
engine having a plurality of cylinders defined in the engine, a piston accommodated in each cylinder to reciprocate in 
the cylinder, a shaft connected with the piston, the shaft being rotated by the reciprocal movement of the piston; the 
method includes detecting the rotating speed of the shaft, computing the deviation between an earlier time and a later 
time of the rotating speed of the shaft for a selected portion of the cycle of a selected cylinder based on the detected 
speed of the shaft, setting a learning value based on the computed deviation, wherein the learning value is used for 
detecting the misfires in the engine, storing the learning value in a memory, detecting a running condition of the engine, 
wherein the running condition is indicative of the load on the engine, renewing the learning value stored in the memory 
based on the detected condition of the engine, determining whether a misfire has occurred in the selected cylinder 
based on the difference between the deviation and the learning value, and permitting the renewing the learning value 
by the learning means only when the engine load is less than a predetermined value. 

Other aspects and advantages of the invention will become apparent from the following description, taken in con- 
junction with the accompanying drawings, illustrating by way of example the principals of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention, together with objects and advantages thereof, may best be understood by reference to the following 
description of the presently preferred embodiments together with the accompanying drawings. 

Fig. 1 is a schematic drawing showing a misfire detecting apparatus for an engine according to one embodiment of 
the present invention; 

Fig. 2 is a block diagram showing the construction of an electronic control unit (ECU); 
Fig. 3 is a flowchart showing a routine for setting a learning value; 



Fig. 4 is a table showing the relationship between learning ranges and engine speed ranges; 
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Fig. 5 is a graph showing the relati 




between learning ranges and speed ranges; 



Fig. 6 is a graph showing the relationship between the engine speed and teeth displacement the cylinders; 

Fig. 7 is a flowchart showing a routine for setting a flag that initiates a learning procedure; 

Fig. 8 is a graph of function data showing the relationship between the engine speed and the reference load value; 

Fig. 9 is a graph of function data showing the relationship between the engine speed and the reference throttle 
valve opening value; 

Fig. 10 is a flowchart showing a routine for checking other learning conditions; 
Fig. 1 1 is a flowchart showing a routine for setting a permitting flag; 
Fig. 1 2 is a flowchart showing a routine for detecting misfires; 

Fig. 13 is a graph showing the relationship between the engine speed and the time difference of time T180 when 
the engine is not warmed and when the engine is warmed in a second embodiment; 

Fig. 14 is a flowchart showing a routine for renewing a learning value at different coolant temperatures; 

Fig. 15 is a flowchart showing a part of a routine for setting a learning value in a third embodiment; 

Fig. 16 is a timing chart showing rotation speed fluctuation of a crankshaft and behavior of the average rotation 
speed of the crankshaft when the engine speed is abruptly decreased according to a fourth embodiment; 

Fig. 1 7 is a flowchart showing a part of a routine for setting a learning value in a fourth embodiment; 

Fig. 18 is a timing chart showing the behaviors of rotation fluctuation, single-differentiated value and double-differ- 
entiated value in a fifth embodiment; and 

Fig. 19 is a flowchart showing a part of a routine for setting a learning value in the fifth embodiment. 
DESCRIPTION OF SPECIAL EMBODIMENT 

An apparatus for detecting misfires in internal combustion engines according to a first embodiment of the present 
invention will hereafter be described referring to the drawings. 

As shown in Fig. 1 , an in-line four cylinder type gasoline engine 1 has an intake passage 2 and an exhaust passage 
3. An air cleaner 4 is located in the vicinity of the inlet of the intake passage 2. A surge tank 5 is located midway in the 
intake passage 2. Injectors 6A, 6B, 6C and 6D are located on the downstream side of the surge tank 5. Each injector 
6A, 6B, 6C and 6D corresponds to one of the cylinders of the engine 1 for injecting fuel into the cylinder. A catalytic con- 
verter 7 is located in the vicinity of the outlet of the exhaust passage 3. The converter 7 contains a three way catalyst 
for cleaning exhaust gas. 

The engine 1 draws atmospheric air through the air cleaner 4 and the intake passage 2. The air is then mixed with 
the fuel injected from each injector 6A to 6D. The air-fuel mixture is drawn into combustion chambers and combusted. 
This generates the power of the engine 1 . Resultant exhaust gas flows into the exhaust passage 3 and then is dis- 
charged to the outside through the converter 7. 

A throttle valve 8 is provided in the intake passage 2 and is located at the upstream side of the surge tank 5. The 
valve 8 is operably connected to an acceleration pedal (not shown). The amount of air drawn into the intake passage 2, 
or the intake air amount, is controlled by changing the opening of the valve 8. 

A throttle sensor 21 is arranged in the vicinity of the throttle valve 8 to detect the opening angle (throttle angle TA) 
of the valve 8. A conventional movable vane type air flowmeter 22 is provided at the downstream side of the air cleaner 
4 for measuring the amount of intake air GA, which is converted into weight, through the intake passage 2. A load value 
GN, which corresponds to a load of the engine 1, is computed by an electronic control unit (ECU) 30, which will be 
described later The ECU 30 computes the load value GN based on the intake air amount GA. 

An oxygen sensor 23 is also provided in the exhaust passage 3 for detecting the concentration of oxygen in the 
exhaust gas. The air-fuel ratio of the engine 1 is feedback controlled based on signals from the oxygen sensor 23. The 
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engine 1 is provided with a 




temperature sensor 24, which detects the tei 




:ure of the engine coolant THW. 



Ignition plugs 9A, 9B, 9^md 9D are provided on each cylinder of the engirWBrA distributor 10 connected to the 
plugs 9A to 9D for distributing high voltage electricity from an ignitor 1 1 to the plugs 9A to 9D in synchronization with 
the crank angle of the engine 1 . The firing timing of the plugs 9A to 9D is determined by the timing with which the ignitor 
1 1 outputs the high voltage. 

A rotor (not shown) is secured on a crankshaft 13. The rotor has a plurality of teeth and rotates integrally with the 
crankshaft 13. An engine speed sensor 25 is provided in the distributor 10 for detecting the rotating speed of the crank- 
shaft 13, or the engine speed NE, based on the rotation of the rotor. The speed sensor 25 outputs a pulse at every 30° 
of the crank angle (CA). A cylinder distinguishing sensor 26 is also provided in the distributor 10 to detect a reference 
position on the rotor that corresponds to a certain rotational phase of the crankshaft 13 as the rotor rotates. The distin- 
guishing sensor 26 outputs a signal when detecting the reference position of the rotor. Two turns of the crankshaft 1 1 
corresponds to four strokes, or one cycle, of the engine 1 . The distinguishing sensor 26 thus outputs a reference posi- 
tion signal GS at every 720° CA. 

A vehicle speed sensor 27 is provided in an automatic transmission, which is coupled to the engine 1 , for detecting 
the vehicle speed SR A temperature sensor 28 is provided in the intake passage 2 for detecting the temperature of 
intake air (intake air temperature) THA. 

Although not shown in the drawings, the apparatus according to this preferred embodiment has a conventional 
exhaust gas recirculation (EGR) mechanism and a purge control mechanism. The EGR mechanism includes an EGR 
passage and an EGR valve located midway in the EGR passage. The EGR passage connects the downstream side of 
the throttle valve 8 in the intake passage 2 to the exhaust passage 3. The EGR valve includes a valve seat, a valve body, 
and a step motor. The opening area of the EGR valve is altered by causing the step motor to intermittently displace the 
valve body with respect to the valve seat. When the EGR valve opens, some of the exhaust gas sent into the exhaust 
passage 3 enters the EGR passage. The gas is then drawn into the intake passage 2 via the EGR valve. In other words, 
some of the exhaust gas is recirculated by the EGR mechanism and returned to intake air-fuel mixture. The recirculation 
amount of the exhaust gas is adjusted by changing the opening amount of the EGR valve. 

The purge control mechanism includes a vapor line, a purge line and a canister. The vapor line connects the upper 
portion of a fuel tank to the canister. The canister draws in and collects fuel vaporized in the fuel tank through the vapor 
line. The canister contains an adsorbent comprised of activated carbon, which temporarily adsorbs vaporized fuel. The 
purge line connects the canister and a sensing port located in the vicinity of the throttle valve 8. The fuel collected in the 
canister is supplied to the engine 1 by way of the purge line and the intake passage 2. A purge control valve, which is 
a vacuum switching valve, is provided in the purge line. The purge control valve opens and closes the purge line for 
adjusting the amount of vaporized fuel, which is conducted from the canister to the intake passage 2. The opening of 
the purge control valve is duty controlled. 

A warning lamp 12 is arranged on an instrument panel in front of the driver's seat for informing the driver of occur- 
rence of misfires. The lamp is lit when a misfire occurs. 

The injectors 6A to 6D, the ignitor 1 1 and the warning lamp 12 are electrically connected to and are controlled by 
the ECU 30. The ECU 30 performs a conventional fuel injection control and an injection timing control and detects mis- 
fires at the combustion stroke of each cylinder. 

. As shown in the block diagram of Fig. 2, the ECU 30 includes a central processing unit (CPU) 31 , a read-only mem- 
ory (ROM) 32, a random access memory (RAM) 33, a backup RAM 34, an external input circuit 35 and an external out- 
put circuit 36. The devices 31 to 34 are connected to the external input circuit 35 and the external output circuits 36 by 
a bus 37 to form a logical computing circuit. A predetermined control program is pre-stored in the ROM 32. The RAM 
33 temporarily stores the computed results of the CPU 31. The backup RAM 34 prestores data. The CPU 31 receives 
signals from the sensors 21 to 27 as input values through the external input circuit 35. Based on the input values, the 
CPU 31 controls the injectors 6A to 6D, the ignitor 1 1 and the warning lamp 12 via the external output circuit 36. 

Various steps for detecting misfires in this engine will hereafter be described with reference to Figs. 3 to 12. 

Fig. 3 shows a learning value setting routine for setting (learning and renewing) a learning value. This routine is an 
interrupt executed by the ECU 30 at every predetermined crank angle (for example 30°CA). 

When this routine is performed, the ECU 30 reads various signals including a reference position signal GS from the 
cylinder distinguishing sensor 26 and the engine speed NE from the engine speed sensor 25 at step 1 01 . The ECU 30 
also reads the values of various flags such as a learning flag FG, which are given values in other routines. 

At step 102, the ECU 30 determines whether the learning flag FG has a value of one. The flag FG is set in a learn- 
ing initiation flag setting routine, which will be described below The flag FG is set at one when learning and renewing of 
a learning value DTG are permitted and is set at zero when learning and renewing of the learning value DTG are pro- 
hibited. When the flag FG is zero, the ECU 30 judges that learning and renewing of the learning value DTG are prohib- 
ited and temporarily terminates the subsequent processing. When the flag FG is one, the ECU 30 judges that the 
learning and renewing of the value DTG are temporarily permitted and proceeds to step 103. 

At step 103, the ECU 30 computes a time period T180j during which the crankshaft 13 rotates one-half turn, or 
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turns 180°CA. The computed time pen^SO corresponds to a time period for one strokeAp piston in a currently 
eaioMoH rv,i:nHcr in this nrefprred eminent, ianition is performed in the cylinders in o^m a first cylinder #1, a 



selected cylinder. In this preferred emi^Pent, ignition is performed in the cylinders in or 
third cylinder #3, a fourth cylinder #4 and a second cylinder #2. 

At step 104 the ECU 30 subtracts the time T180 M of a cylinder, in which ignition has been performed prior to the 
ignition in the currently selected cylinder, from the time T180j of the currently selected cylinder. The ECU 30 then sets 
the difference between T180| and T180 M as a rotation fluctuation value DTCRK of the currently selected cylinder. For 
example when the cylinder #1 is currently selected, the rotation fluctuation value DTCRK of the cylinder #1 is calcu- 
lated by subtracting the time T1 80^ of the second cylinder #2 from the time T1 80j of the first cylinder #1 . 

At step 105 the ECU 30 determines whether the engine speed NE is in one of a predetermined group of learning 
ranges Specifically, as shown in Figs. 4 and 5. the ECU 30 determines whether the engine speed NE is in one of the 
diagonally shaded ranges in Fig. 5. The ranges lie between 2400 rpm and 2800 rpm. between 3200 rpm and 3600 rpm, 
between 4000 rpm and 4400 rpm. between 4800 rpm to 5200 rpm and between 5600 rpm and 6000 rpm. The engine 
speed is divided into these ranges in consideration of teeth displacements of the rotor (including axis displacement). 
The teeth displacement greatly affects the rotation fluctuation value DTCRK. The influence of teeth displacements on 
DTCRK varies depending on the engine speed NE. 

Since the influence of teeth displacement changes in accordance with the engine speed NE. the learning ranges 
are set narrower than the divided ranges of the engine speed NE. This is because the learning value DTG also changes 
in relation with changes of the engine speed NE as shown in Fig. 5. Narrowing the learning ranges reduces variations 
of the learning value DTG caused by changes in the engine speed NE. For example, when the engine speed NE is in 
the range between 2200 rpm and 3000 rpm, setting the learning range between 2400 rpm to 2800 rpm dramatical^ 
reduces variations of the learning value DTG. This improves the accuracy of misfire detection, which will be described 
below 

The highest learning range of the engine speed NE is between 5600 rpm to 6000 rpm. Therefore, even if the engine 
races when the shift lever is in the neutral position, learning is performed. The second highest learning range of the 
engine speed NE is between 4800 rpm to 5200 rpm. Thus, learning is performed even if the throttle valve 8 is fully 
closed immediately after a vehicle is accelerated by a wide open throttle (WOT) operation when the shift lever is in the 
drive position. 

At step 105 if the engine speed NE is not in one of the learning ranges, the ECU 30 decides not to perform learning 
and renewing of the learning value DTG in the current routine and temporarily terminates the subsequent processing. 
If the engine speed NE is in one of the learning ranges, the ECU 30 proceeds to step 106 to perform learning and 
renewing of the learning value DTG of that learning range. 

At step 106, the ECU 30 accumulates the rotation fluctuation value DTCRK of each cylinder. The position on the 
rotor at which a time T180 of a cylinder is detected is the same for a group of pistons. Thus, as shown in Fig. 6, the 
influence of rotor teeth displacement is the same for pistons that belong to the same group. In this preferred embodi- 
ment the first cylinder #1 and the fourth cylinder #4 are in the same group, and the second cylinder #2 and the third 
cylinder #3 are in the same group. The pistons of cylinders belonging to the same group behave in substantially the 
same manner. Rotation fluctuation in cylinders of the same group is thus substantially the same. Therefore, the rotation 
fluctuation values DTCRK of cylinders of the same group are accumulated as the same rotation fluctuation value. For 
example the rotation fluctuation value of the first cylinder #1 is computed as DTCRK14 and the rotation fluctuation 
value of the fourth cylinder #4 is also computed as DTCRK14. Then. DTCRK14 of the cylinder #1 and DTCRK14 of the 
cylinder #4 are added together. Ukewise, the rotation fluctuation value of the second cylinder #2 is computed as 
DTCRK23 and the rotation fluctuation value of the third cylinder #3 is also computed as DTCRK23. Then DTCRK23 of 
the cylinder #2 and DTCRK23 of the cylinder #3 are added together. 

At step 107 the ECU 30 determines whether the rotation fluctuation value DTCRK of the selected cylinder has 
been accumulated tor a predetermined number of times (eight times in this preferred embodiment). If the rotation fluc- 
tuation value DTCRK (DTCRK14 or DTCRK23) has been accumulated less than eight times, the ECU 30 temporarily 
terminates the subsequent processing. If the rotation fluctuation DTCRK has been added up at least eight times, the 
ECU 30 proceeds to step 108. 

At step 108, the ECU 30 determines whether the rotation fluctuation value DTCRK of the other cylinders 
(DTCRK23 or DTCRK14) has been accumulated for a predetermined number of times (eight times in this preferred 
embodiment). If the rotation fluctuation value DTCRK has been accumulated less than eight times, the ECU 30 tempo- 
rarily terminates the subsequent processing. If the rotation fluctuation value DTCRK has been added up at least eight 

times, the ECU 30 proceeds to step 109. wvrf s^ A , 

At step 1 09 the ECU 30 computes the average DTCRKAV of the rotation fluctuation value DTCK1 4 of the first and 
fourth cylinders #1 and #4 and the rotation fluctuation value DTCRK23 of the second and third cylinders #2 and #3. That 
is the ECU 30 adds up the rotation fluctuation values DTCRK1 4 and DTCRK23 and divides the resultant value by two. 
Conditions for learning are generally satisfied when the vehicle is decelerating. It is therefore assumed that the rotation 
fluctuation values DTCRK14. DTCRK23 include changes in time T180 as well as the teeth displacement of the rotor. 
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On the other hand, when tl^feiicle is moving at a constant speed, the time during which the crankshaft 13 
rotates one half turn is consBWhus, there is normally no difference between thl^P> period required for one half turn 
of the crankshaft and the time period of the previous half turn. Therefore, the value obtained by adding up the rotation 
fluctuation value DTCRK14 and the rotation fluctuation value DTCRK23 is theoretically zero. If the added up value of 
DTCRK14 and DTCRK23 is a positive value, it is determined that the vehicle is decelerating. 

At step 1 10, the ECU 30 eliminates a component of the rotation fluctuation value of the deceleration of the vehicle 
Specifically, the ECU 30 computes a reference rotation fluctuation value DTCRK1 4N of the cylinders #1 , #4 by subtract- 
ing the average DTCRKAV computed in step 109 from the rotation fluctuation value DTCRK14. Likewise, the ECU 30 
computes a reference rotation fluctuation value DTCRK23N of the cylinders #2, #3 by subtracting the average 
DTCRKAV from the rotation fluctuation DTCRK23. 

At step 1 1 1 , the ECU 30 determines whether a permission flag FKK, which is set in another routine, has a value of 
one If the flag FKK is one, the ECU 30 judges that the learning value DTG has not changed significantly, and proceeds 
to step 1 12. A flag FKK is allotted to each speed range of the engine 1 in a permission flag setting routine, which will 
be described below. When the rotation fluctuation value DTCRK is significantly changed, for example, by replacement 
of the timing belt of the engine 1 , the flag FKK is set to zero. In other cases, the flag FKK is set to one. 

At step 1 12, the ECU 30 abates the learning value DTG (DTG14 or DTG23) of the speed range to which the current 
engine speed NE belongs, and temporarily terminates the subsequent processing. For example, when the cylinder #1 
or the cylinder #4 is selected, the ECU 30 sets the learning value DTG1 4 of the cylinders #1 , #4. Specifically, the ECU 
30 subtracts the reference rotation fluctuation value DTCRK14N from the learning value DTG1 4 obtained in the previ- 
ous routine and divides the computed value by four. The ECU 30 renews the learning value DTG1 4 by adding the result- 
ant value to the learning value DTG14 of the previous routine. Similarly, when the cylinder #2 or the cylinder #3 is 
selected, the ECU 30 sets the learning value DTG23 of the cylinders #2, #3. Specifically, the ECU 30 subtracts the ref- 
erence rotation fluctuation value DTCRK23N from the learning value DTG23 obtained in the previous routine and 
divides the computed value by four. The ECU 30 renews the learning value DTG23 by adding the resultant value to the 
learning value DTG23 of the previous routine. 

At step 1 1 1 , if the permission flag FKK is zero, the ECU 30 judges that the rotation fluctuation value DTCRK has 
been significantly changed, for example, by replacement of the timing belt of the engine 1 , and proceeds to step 1 1 3. 

At step 1 13, the ECU 30 fundamentally renews the learning value DTG (DTG14 or DTG23) of the speed range to 
which the current engine speed NE belongs. For example, when the cylinder #1 or the cylinder #4 is selected, the ECU 
30 replaces the learning value DTG1 4 with the reference rotation fluctuation value DTCRK1 4N regardless of the current 
learning value DTG14. Similarly, when the cylinder #2 or the cylinder #3 is selected, the ECU 30 replaces the learning 
value DTG23 with the reference rotation fluctuation value DTCRK23N regardless of the current learning value DTG23. 

At step 114, the ECU 30 resets the leaning values DTG (DTG14 and DTG23) or the other speed ranges to zero 
and temporarily terminates the subsequent processing. 

As described above, in the learning value setting routine, the learning values DTG 14 and DTG23, each corre- 
sponding to a cylinder group, are computed for the speed range to which the current engine speed NE belongs. 

The learning initiation flag setting routine will hereafter be described with reference to Fig. 7. This routine is 
designed for setting the learning flag FG, which is the subject of the determination in step 102. This routine is an inter- 
rupt executed by the ECU 30 at every predetermined crank angle. 

When the processing enters this routine, the ECU 30 reads various signals including an intake air temperature 
THA, the intake air amount GA, the throttle angle TA and the engine speed NE from the intake temperature sensor 28, 
the air flowmeter 22, the throttle sensor 21 and the engine speed sensor 25, respectively, at step 201 . The ECU 30 also 
computes a load value GN based on the intake air amount GA. 

At step 202, the ECU 30 determines whether the intake air temperature THA is higher than a predetermined tem- 
perature THAI . If the intake air temperature THA is equal to or lower than the temperature THAI , the ECU 30 judges 
that the conditions for performing learning are not satisfied and proceeds to step 209. At step 209, the ECU 30 sets the 
learning flag FG to zero for prohibiting learning of the learning value DTG. If the intake air temperature THA is higher 
than the predetermined temperature THAI , the ECU 30 proceeds to step 203. 

At step 203, the ECU 30 determines whether the load value GN of the current engine speed NE is smaller than a 
reference value GN1. As shown in Fig. 8, the reference value GN1 is previously determined in relation to the engine 
speed NE. if the load value GN of the current engine speed NE is equal to or greater than the corresponding reference 
value GN1 , it indicates that a relatively great amount of combustion is taking place in the engine 1 . In this running con- 
dition of the engine 1 , the ECU 30 judges that the great amount of combustion affects the renewing of the learning value 
DTG and proceeds to step 209. At step 209, the ECU 30 sets the learning flag FG to zero for prohibiting learning of the 
learning value DTG. 

When the determination of step 203 is satisfied, a relatively small amount of combustion is taking place in the 
engine 1. The ECU 30 judges that the small amount of combustion has little influence on the renewing of the learning 
value DTG and proceeds to step 204. In this preferred embodiment, the learning and renewing of the learning value 
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At step 204, the ECU 30 determines whether the value of the throttle angle TA is smaller than a reference value 
TA1. As shown in Fig 9, the reference value TA1 is previously determined in relation with the engine speed NE. If the 
value of the throttle angle TA is equal to or greater than the corresponding reference value TA1 , it indicates that a rela- 
tively large amount of combustion is taking place in the engine 1 . In this running condition of the engine 1 , the ECU 30 
judges that the large amount of combustion affects the learning and renewing of the learning value DTG and proceeds 
to step 209. At step 209, the ECU 30 sets the learning flag FG to zero for prohibiting learning of the learning value DTG. 
When the value of the throttle angle TA is smaller than the corresponding reference value TA1 , a relatively small amount 
of combustion is taking place in the engine 1 . The ECU 30 judges that the small amount of combustion has little influ- 
ence on the learning and renewing of the learning value DTG and proceeds to step 205. 

At step 205, the ECU 30 increments a counter value C1 , which is stored in a counter, by one. At Step 206, the ECU 
30 determines whether the counter value C1 exceeds a predetermined time T1 (for example fifty milliseconde). If the 
counter value C1 exceeds the time T1, the ECU 30 proceeds to step 207. If the counter value C1 is still smaller than 
the time T1 , the ECU 30 repeats the processing of steps 204 to 206 until the counter value C1 exceeds the time T1 . 

At step 207, the ECU 30 judges whether other learning conditions, which will be described below, are satisfied. If 
the other learning conditions are not satisfied, the ECU 209 proceeds to step 209 and prohibits the learning of the learn- 
ing value DTG. 

If the other learning conditions are satisfied, the ECU 30 judges that all the learning conditions are satisfied and 
proceeds to step 208. At step 208, the ECU 30 sets the learning flag FG to one for permitting the learning and renewing 
of the learning value DTG. 

The ECU 30 moves to step 210 from either step 208 or 209. At step 210, the ECU 30 resets the counter value C1 
to zero and temporarily terminates the routine. 

In the above described routine, the ECU 30 initially judges whether the load value GN is smaller than the reference 
value GN1 and whether the predetermined time T1 has elapsed since the throttle angle TA became smaller than the 
reference value TA1 . Further, if the other learning conditions are satisfied, the ECU 30 sets the learning flag FG to one 
for permitting the learning and renewing of the learning value DTG. In the other cases, the ECU 30 sets the flag FG to 
zero. 

Processing of step 207 will now be described with reference to Fig. 10. The routine of Fig. 10 is an interrupt exe- 
cuted by the ECU 30 at every predetermined crank angle. 

When the processing enters this routine, the ECU 30 initially determines whether the current coolant temperature 
THW is equal to or higher than a predetermined coolant temperature THWa. If the coolant temperature THW is lower 
than the temperature THWa, the ECU 30 proceeds to step 302. At step 302, the ECU 30 judges that the other learning 
conditions are not satisfied and temporarily terminates the subsequent processing. 

If the coolant temperature THW is equal to or higher than the temperature THWa, the ECU 30 proceeds to step 
303. At step 303, the ECU 30 determines whether the function of the EGR valve is currently being tested. Testing the 
EGR valve subtly affects on the pressure in the surge tank 5. Therefore, if the EGR valve is being tested, the ECU 30 
proceeds to step 302 for prohibiting the learning and renewing of the learning value DTG. If the EGR valve is not being 
tested, on the other hand, the ECU 30 proceeds to step 304. 

At step 304, the ECU 30 determines whether the function of the purge control valve is currently being tested. Test- 
ing the purge control valve subtly affects the pressure in the surge tank 5. Therefore, if the purge control valve is being 
tested, the ECU 30 proceeds to step 302 for prohibiting the learning and renewing of the learning value DTG. If the 
purge control valve is not being tested, on the other hand, the ECU 30 proceeds to step 306. 

At step 305, the ECU 30 determines whether other testing operations that subtly affect the pressure in the surge 
tank 5 are currently being performed. If the other diagnostic operations are being performed, the ECU 30 proceeds to 
step 302 for prohibiting the learning and renewing of the learning value DTG. If the other diagnostic operations are not 
being performed, on the other hand, the ECU 30 proceeds to step 306. 

At step 306, the ECU 30 determines whether the vehicle is currently traveling along a rough road. Determination of 
whether the vehicle is traveling along a rough road is performed based on values detected by sensors, such as an 
acceleration sensor (not shown). If the vehicle is traveling along a rough road, the engine speed NE significantly fluctu- 
ates. If the learning and renewing of the learning value DTG are performed in this condition, the learning value DTG 
greatly fluctuates. Therefore, the ECU 30 proceeds to step 302 for prohibiting the learning and renewing of the learning 
value DTG. If the vehicle is not traveling along a rough road, on the other hand, the ECU 30 proceeds to step 307. At 
step 307, the ECU 30 judges that the other learning conditions are satisfied and temporarily terminates the subsequent 
processing. 

In the above described routine, the ECU 30 determines whether the other learning conditions are satisfied based 
on the coolant temperature THW and on whether various testing operations are being performed. 

The permission flag setting routine will hereafter be described with reference to Fig. 1 1 . This routine is designed for 
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When the processing enters this routine, the ECU 30 reads various signals at step 401 . 

At step 402, the ECU 30 reads the reference rotation fluctuation values DTCRK14N, DTCRK23N computed in the 

5 routine of Fig. 3. The ECU 30 also reads the learning values DTG14, DTG23. 

At step 403, the ECU 30 sets a reference value CRNE of the engine speed NE. The value CRNE is set smaller for 
a larger engine speed NE. For example, when the engine speed is equal to or greater than 5200 rpm (NE^5200 rpm), 
the reference value CRNE is set to "1 jis", and when the engine speed NE is smaller than 2000 rpm (NE < 2000 rpm), 
the reference value is set to w 5 \is". - 

10 At step 404, the ECU 30 determines whether the absolute value of the difference between the learning value DTG 
(DTG1 4 or DTG23) and the reference rotation fluctuation value DTCRK (DTCRK1 4N or DTCRK23N) is smaller than the 
reference value CRNE. The value DTCRK (DTCRK1 4N or DTCRK23N) should have been greatly changed if the timing 
belt has been replaced. In this case, the absolute value of the difference is greater than the reference value CRNE. If 
the absolute value of the difference is smaller than the reference value CRNE, the timing belt has not been replaced. In 

75 this case, the ECU 30 proceeds to step 405 for performing the misfire detection. 

At step 405, the ECU 30 sets a learning value stabilizing flag FST to one and stores the value of the stabilizing flag 
FST in the RAM 33. The flag FST is set for each engine speed range. The ECU 30 sets the permission flag FKK to one 
at step 406. At step 407, if the stabilizing flag FST of the current speed range has a value of one, the ECU 30 sets the 
values of the permission flags FKK of all the other speed ranges to one and temporarily terminated the subsequent 

20 processing. 

At step 404, if the absolute value of the difference between the learning value DTG and the reference rotation fluc- 
tuation value DTCRK is equal to or greater than the reference value CRNE, the ECU 30 judges that the timing belt has 
been replaced and that the reference rotation fluctuation value DTCRK has been greatly changed. The ECU 30 pro- 
ceeds to step 408 for prohibiting the misfire detection. 

25 At step 408, the ECU 30 sets the stabilizing flag FST to zero and stores the value of the flag FST in the RAM 33. 
At step 409, the ECU 30 sets the permission flag FKK to zero. At step 410, the ECU 30 sets the permission flags FKK 
of all the other speed ranges to zero and temporarily terminates the subsequent processing. 

In this manner, the ECU 30 determines whether the absolute value of the difference between the learning value 
DTG and the reference rotation fluctuation value DTCRK is smaller than the reference value CRNE. If the absolute 

30 value is equal to or greater than the value CRNE, the ECU 30 sets the stabilizing value FST and the permission value 
FKK to zero for prohibiting the misfire detection. If not, the ECU 30 sets the stabilizing value FST and the permission 
flag FKK to one. 

Next, a misfire detection routine will be described with reference to Fig. 12. This routine is performed for each cyl- 
inder. 

35 When the processing enters this routine, the ECU 30 determines whether the permission flag FKK is one at step 
001. If the flag FKK is not one, but zero, the ECU 30 judges that the misfire detection is currently prohibited and pro- 
ceeds to step 008. At step 008, the ECU 30 resets a counter value C2, which is stored in a counter(not illustrated), to 
zero and temporarily terminates the subsequent processing. 

If the flag FKK is one at step 001 , the ECU 30 judges that misfire detection is currently permitted and proceeds to 
40 step 002. At step 002, the ECU 30 computes the time T180 for each cylinder in the same manner as in steps 103 to 
1 10. The ECU 30 also computes a reference rotation fluctuation value DTCRK ( DTCRK14N, DTCRK23N) 

At step 003, the ECU 30 determines whether the current engine speed NE is in one of the learning ranges of Fig. 
5. If the engine speed NE is out of the ranges, the ECU 30 proceeds to step 008. 

If the current engine speed NE is in the range for performing the misfire detection using the learning value DTG, 
45 the ECU 30 proceeds to step 004. At step 004, the ECU 30 determines whether the absolute value of the difference 
between the reference rotation fluctuation value DTCRK (DTCRK14N or DTCRK23N) computed in step 002 and the 
learning value DTG (DTG14 or DTG23) is greater than a reference value CTa. In this preferred embodiment, the sum 
of the learning value DTG and the reference value CTa (DTG + CTa) functions as a determination value. The reference 
value CTa may be zero. If the absolute value of the difference between DTCRK and DTG is equal to or smaller than 
so CTa, the ECU 30 judges that no misfires are taking place and proceeds to step 008. 

If the absolute value is greater than the reference value CTa, the ECU 30 judges that there is a possibility of mis- 
fires and proceeds to step 005. At step 005. the ECU 30 increments the counter value C2 by one. 

At step 006, the ECU 30 determines whether the counter value C2 has reached a predetermined value (for exam- 
ple, two thousand). If the counter value C2 is equal to or greater than the predetermined values, the ECU 30 proceeds 
55 to step 007. If the counter value C2 is smaller than the predetermined value, the ECU repeats the processing of steps 
001 to 006 until the counter value C2 reaches the predetermined value. 

At step 007, the ECU 30 judges that a misfire has occurred in the cylinder that is currently checked and lights the 
warning lamp 12. At step 008, the ECU 30 resets the counter value C2 to zero and temporarily terminates the subse- 
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quent processing. 

In the above described routine, the^Bl30 judges that a misfire has occurred in the cyinWr that is currently being 
checked when the absolute value of the difference between the reference rotation fluctuation value DTCRK 
(DTCRK1 4N or DTCRK23N) and the learning value DTG (DTG1 4 or DTG23) has been greater than the reference value 
5 CTa over a predetermined time period. 

The advantageous effects of the misfire detection according to the above preferred embodiment will hereafter be 

described. 

A reference load value GN1 is set for the current engine speed NE. When the load value GN is smaller than the 
reference value GN1, learning and renewing of the learning value DTG are permitted as a rule. Therefore, unlike the 
10 prior art, which allows learning and renewing only when a fuel cut-off operation is performed, the preferred embodiment 
allows learning and renewing of the learning value DTG to be performed over a wide range of the load value GN (GN 
< GN1); that is, over a wide range of the running state of the engine Thus, compared to the prior art, learning and 
renewing of the learning value DTG is by far more frequent. This significantly improves the accuracy of the learning 
value DTG, which is used for detecting misfires. The accuracy of the misfire detection is thus dramatically improved. 
75 When the throttle opening TA is smaller than the reference value TA1 over the predetermined time period T1 , learn- 
ing and renewing of the learning value DTG are permitted as a rule. This allows learning and renewing over a wide 
engine speed range, unlike the prior art. When the throttle opening TA is smaller than the reference value TA1, the 
amount of combustion in the engine 1 has little influence on the speed fluctuation of the crankshaft. Thus, accuracy of 
the learning value DTG and the misfire detection are improved. 
20 In the above preferred embodiment, the engine speed NE is divided into a plurality of learning ranges, and a learn- 
ing value DTG is set for each learning range. In other words, the misfire detection is performed using a learning value 
DTG that corresponds to the current engine speed NE (running condition). This improves the accuracy of the learning 
value DTG and the misfire detection and enables learning and renewing of DTG at higher engine speeds, at which 
learning and renewing of the learning value is difficult in the prior art. For example, learning is performed even if the 
25 engine is raced with the shift lever in the neutral position. Further, in an automatic transmission vehicle, learning is per- 
formed even if the throttle valve 8 is fully closed immediately after a vehicle is accelerated by a wide open throttle (WOT) 
operation with the shift lever in the driving position. 

The learning ranges are set narrower than the divided engine speed ranges. In other words learning prohibiting 
ranges are provided between each pair of adjacent learning ranges. This reduces variations of learning values DTG 
so caused by changes in the engine speed NE within one of the learning speed ranges. The accuracy of the misfire detec- 
tion is thus further improved. 

In the above preferred embodiment, a learning value DTG is set for each cylinder group A common learning value 
DTG is set for the cylinders #1 and #4, and another common learning value DTG is set for the cylinders #2 and #3. This 
is because the rotor speed during a time T1 80 is substantially the same for pistons belonging to the same group. Setting 
35 a common learning value DTG for a cylinder group simplifies computations in the routines and reduces the number of 
executions of the computations. This simplifies the programs and reduces the cost. 

The rotation fluctuation values DTCRK14 and DTCRK23, each corresponding to a cylinder group, are accumu- 
lated, respectively, and the average of DTCRK14 and DTCRK23 is computed. A learning value DTG is set based on 
DTRCK1 4 and DTCRK23. Therefore, even if the rotation fluctuation value DTCRK between the cylinder groups varies, 
40 the effect of the variation is reduced by using an average. This improves the accuracy of the obtained learning value 
DTG and the accuracy of the misfire detection. 

When obtaining a learning value DTG, the DTG is adjusted in accordance not only with the teeth displacement of 
the rotor, or torsion of the crankshaft 1 3, but also with a delay of T1 80 caused by deceleration of the vehicle. The adjust- 
ment is carried out at steps 109 to 1 14 in the routine of Fig. 3. This further improves the accuracy of the obtained lean- 
45 ing value DTG thereby improving the accuracy of the misfire detection. 

When the permission flag FKK is one, the learning value DTG (DTG 14 or DTG23) of the current speed range is 
abated. When the flag FKK is zero, the ECU 30 judges that the rotation fluctuation value DTCRK has been significantly 
changed due to a replacement of the timing belt and fundamentally renews the learning value DTG (DTG14 or DTG23) 
of the current engine speed range. Therefore, if the timing belt has been replaced, the learning value DTG is stabilized 
so at an early stage. This shortens the period during which the value DTG has low reliability. 

Further, when the permission flag FKK of the current engine speed range is one, the flags FKK of all speed ranges 
at which the stabilizing flag FST is one are set to one. This permits the misfire detection to be performed in the current 
engine speed range when a learning value DTG is learned and renewed for the first time after the engine 1 is started. 
Therefore, when the engine 1 is started, misfire detection is performed at an earlier stage over a wide range of the 
55 engine speed NE. 

When the permission flag FKK is set to zero in the current engine speed range, the flags FKK of the other speed 
ranges are also set to zero. Therefore, when the tension of the timing belt is changed, for example, due to replacement 
of the timing belt, and the rotation fluctuation value DTCRK is greatly changed, the learning values DTG obtained before 
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When the coolant temperature THW is low, and various function tests that might subtly affect the negative pressure 
in the surge tank 5 are being performed, renewing of the leaning value DTG is prohibited. This improves the reliability 
5 of the learning value DTG thereby improving the accuracy of the misfire detection. 

A second embodiment of the present invention will hereafter be described with reference to drawings 13 and 14. 
In the first embodiment, learning of DTG is prohibited when the coolant temperature THW is lower than the prede- 
termined temperature THWa. This is because T1 80, during which the crankshaft 1 3 turns 1 80°CA, is different when the 
engine 1 is cold from when the engine 1 is warmed as illustrated in Fig. 13. However, in the second embodiment, the 
10 learning value is adjusted according to the coolant temperature THW. Fig. 1 4 is a flowchart showing proocessing steps 
for adjusting the learning value according to the coolant temperature THW. 

As described in Fig. 14, the coolant temperature is divided into first to nth ranges. At step 501 , the ECU 30 judges 
whether the coolant temperature THW is equal to or higher than a first coolant temperature THW1 . If the determination 
is satisfied, the ECU 30 proceeds to step 502 and renews the learning value, or replaces the learning value with a learn- 
15 ing value i. 

If coolant temperature THW is lower than the first temperature THW1 , the ECU 30 proceeds to step 503. At step 
503, the ECU 30 judges whether the coolant temperature THW is equal to or higher than a second coolant temperature 
THW2. if the determination is satisfied, the ECU 30 proceeds to step 504 and renews the learning value, or replaces 
the learning value with a learning value 2. 

20 If coolant temperature THW is lower than the second temperature THW2, the ECU 30 proceeds to step 505. At step 
505, the ECU 30 judges whether the coolant temperature THW is equal to or higher than a third coolant temperature 
THW3. If the determination is satisfied, the ECU 30 proceeds to step 506 and renews the learning value, or replaces 
the learning value with a learning value 3 

After repeating the above processing, the ECU 30 determines whether the coolant temperature THW is equal to or 

25 higher than an nth temperature THWn. If the determination is satisfied, the ECU 30 proceeds to step 508. At step 508, 
the ECU 30 renews the learning value, or replaces the learning value with a learning value n. If the determination is not 
satisfied, the ECU 30 does not renew the learning value. 

As described above, the processing of the second embodiment allows the learning value to be adjusted in accord- 
ance with the coolant temperature THW. This improves the misfire detection. 

30 A third embodiment of the present invention will hereafter be described with reference to Fig. 1 5. 

In the first preferred embodiment, when the permission flag FKK is one in the routine of Fig. 3, the learning value 
DTG (DTG14 or DTG23) is abated. When the permission flag FKK is zero, the learning value DTG (DTG14 or DTG23) 
is fundamentally renewed. However, in this third embodiment, the learning value DTG is abated even if the permission 
flag FKK is zero. In this case, the abatement is preferably milder at step 1 12 of Fig. 13. 

35 As shown in Fig. 15, if the permission flag FKK is zero at step 1 1 1 , the ECU 30 proceeds to step 1 131 . At step 
1131, when the cylinder #1 or the cylinder #4 is currently selected, the ECU 30 sets the learning value DTG14. Specif- 
ically, the ECU 30 subtracts the reference rotation fluctuation value DTCRK14N from the learning value DTG14 
obtained in the previous routine and divides the computed value by two. The ECU 30 renews the learning value DTG1 4 
by adding the resultant value to the learning value DTG14 of the previous routine. Similarly, when the cylinder #2 or the 

40 cylinder #3 is selected, the ECU 30 sets the learning value DTG23. Specifically, the ECU 30 subtracts the reference 
rotation fluctuation value DTCRK23N from the learning value DTG23 obtained in the previous routine and divides the 
computed value by two. The ECU 30 renews the learning value DTG23 by adding the resultant value to the learning 
value DTG23 of the previous routine. 

When the rotation fluctuation value DTCRK is greatly changed due to a replacement of the timing belt, a fundamen- 

45 tal renewal of the learning value DTG (DTG14 or DTG23) is not necessary. Instead, changing the degree of abating 
offers substantially the same effects as the preceding embodiments. 

A fourth embodiment of the present invention will hereafter be described with reference to Figs. 16 and 17. 
In the routine of Fig 3 in the first embodiment, the reference rotation fluctuation value DTCRK14N is computed by 
subtracting the average DTCRKAV of the current rotation fluctuation value DTCRK14 and the fluctuation value 

so DTCRK23 of the previous routine from the current rotation fluctuation value DTCRK14. The reference rotation fluctua- 
tion value DTCRK23N of the cylinders #2, #3 is computed in the same manner. 

However, when the engine speed NE drops rapidly as illustrated in Fig. 1 6, the average value of the rotation fluctu- 
ation value DTCRK is changed significantly. In this case, the above described method for computing values 
DTCRK14N, DTCRK23N creates an error, which is indicated by the letter E in Fig. 16. Suppose the value DTCRK14 of 

55 the current routine is a, and the value DTCRK23 of the previous routine is p. According to the method of the first embod- 
iment, the reference value DTCRK14N is computed by an expression "a - (a + p) / 2 ". If the average value of the value 
DTCRK increases at a constant rate, the value of the expression "a - (a + P) / 2 " is equal to the sum of parts L and E 
(L + E) in Fig. 16. However, the actual value of DTCRK14N should be a value that is equal to the part L in Fig. 16. 
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As described above, when referen^^tion fluctuation values DTCRK14N, DTCRK23^k computed, a sudden 
drop of the engine speed NE greatly cn^L the average value of the rotation fluctuation ^FDTCRK. However, in 
such a case, the fourth embodiment minimizes the value of the error caused by the changing of the average value. 

Suppose that the rotation fluctuation value DTCRK14 in the current routine is a, the rotation fluctuation value 
DTCRK23 of the previous routine is p, and the rotation fluctuation value DTCRK14 of two routines earlier is y. In this 
case, the reference fluctuation value DTCRK14N is computed by an expression "{(a - p) - (p - y)} / 4 " in this embodi- 
ment. The value or DTCRK14N is preferably equal to the part indicated by a letter L in Fig. 16. If the average value of 
the fluctuation value DTCRK changes at a constant rate, the value DTCRK14N computed by the expression 
"{(a - p) - (p - y)} 1 4 n becomes equal to the part L 

The processing that uses the above computation will now be described referring to the flowchart of Fig. 1 7. In this 
routine, steps that are the same as steps 101 to 105 (see Fig. 3) according to the first embodiment are performed. At 
step 105, if the engine speed NE is in a predetermined learning range, the ECU proceeds to step 1051 . 

At step 1051 , the ECU 30 determines whether the currently selected cylinder (a cylinder at ignition) is one of the 
cylinders #1 and #4. If the selected cylinder is the cylinder #1 or #4, the ECU 30 proceeds to step 1052. At step 1052, 
the ECU 30 computes a new rotation fluctuation value DTCRK14, DTCRK23 based on the equations (1), (2) below. In 
the following equations, DTCRK14 M is the rotation fluctuation value DTCRK14 of the cylinders #1 and #4 computed at 
step 1053 in the previous routine. Similarly, DTCRK23 M is the rotation fluctuation value DTCRK23 of the cylinders #2 
and #3 computed at step 1053 in the previous routine. If the currently selected cylinder is the cylinder #1 , the rotation 
fluctuation value of the cylinder #2 is subtracted from the rotation fluctuation value of the cylinder #1 in the following 
equations (1) and (2). 

DTCRK14 = DTCRK14 M + (DTCRK , - DTCRK M ) (1) 

DTCRK23 = DTCRK23 M + (DTCRK , - DTCRK M ) (2) 

If it is determined that the currently selected cylinder is not one of the cylinders #1 and #4 at step 1051 , the ECU 
30 judges that the currently selected cylinder is one of the cylinders #2 and #3 and proceeds to step 1053. At step 1053, 
the ECU 30 computes new rotation fluctuation values DTCRK14 and DTCRK23 based on the following equations (3) 
and (4). 

DTCRK14 = DTCRK14 M - (DTCRK j - DTCRK M ) (3) 
DTCRK23 = DTCRK23 M - (DTCRK j - DTCRK M ) (4) 



The equations (3) and (4) correspond to the above expression "{(a-p) - (p-y) }" 

The ECU 30 proceeds to step 1052 from either step 1052 or step 1053. At step 1054, the ECU 30 determines 
whether the rotation fluctuation value DTCRK of each cylinder has been accumulated sixteen times. If the determina- 
tion is not satisfied, the ECU 30 temporarily terminates the subsequent processing. If the determination is satisfied the 
ECU 30 proceeds to step 1055. 

At step 1 055, the ECU 30 computes a reference rotation fluctuation value DTCRK1 4N by dividing the rotation fluc- 
tuation value DTCRK1 4 by four. Also, the ECU 30 computes a reference rotation fluctuation value DTCRK23N by divid- 
ing the rotation fluctuation value DTCRK23 by four. 

Then, the ECU 30 proceeds to step 1 1 1 as in the f irst embodiment and executes the subsequent processing. 

As described above, the reference rotation fluctuation values DTCRK14N, DTCRK23N are computed based on the 
expression "{(a - p) - (p - y)} / 4 Therefore, even if the engine speed NE abruptly drops and the average value of the 
rotation fluctuation value DTCRK changes drastically, the error is minimized. Particularly, if the average value of DTCRK 
changes at a constant rate, the error becomes substantially zero. This results in improved accuracy of the learning 
value DTG, which is used for detecting misfires. Accordingly, the accuracy of the misfire detection is improved. 

A fifth embodiment of the present invention will hereafter be described with reference to Figs. 18 and 19. 

The fourth embodiment minimizes an error component in the reference rotation fluctuation values DTCRK14N, 
DTCRK23N when the average value of rotation fluctuation value DTCRK is greatly changed. However, when the rate of 
change in the average value of DTCRK changes drastically, that is, when the average value of DTCRK changes at an 
significantly unstable rate, it is difficult to eliminate error components from the values DTCRK14N, DTCRK23N. 

In this embodiment, learning of the learning value DTG is prohibited when the average value of DTCRK fluctuates 
in an extreme manner. As shown in Fig. 18, a rotation fluctuation value DTCRK of a selected cylinder is computed by 
subtracting the time T180 M of the previous cylinder (a cylinder at which combustion took place immediately before the 
selected cylinder) from the time T180j of the selected cylinder. The difference between the value DTCRKj of the cur- 
rently selected cylinder and a value DTCKR^, which is calculated 360°CA before DTCRKj is computed, and the result- 
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ant value is defined as a ^^-differentiated value DDTCR (DDTCR = DTC^^DTCRK^ ). The value DDTCR 
eliminates the effect of the raHice of the rotor. Then, the difference between fl^figle<iifferentiated value DDTCRj 
of the currently selected cylinder and the single-differentiated value DDTCR M of the previous cylinder is computed, and 
the resultant value is defined as a double-differentiated value DDDTC (DDTC = DDTCR , - DDTCR M ) 

When the double-differentiated value DDDTC is out or a predetermined range as illustrated in Fig. 18, learning of 
the learning value DTG is prohibited. More specifically, the learning of DTG is prohibited when the absolute value of 
DDDTC is greater than a predetermined value DDDTC1 . 

The above processing is described referring to a flowchart of Fig. 19. The ECU 30 executes the processing of steps 
101 to 105 (see Fig. 3) as in the learning value setting routine of the first embodiment. If the engine speed NE is in a 
predetermined learning range, the ECU 30 proceeds to step 1056. 

At step 1056, the ECU 30 computes a double-drfferentiated value DDDTC based on the above described comput- 
ing method. That is, the ECU 30 computes the single-differentiated value DDTCR based on the rotation fluctuation 
value DTCRK and then computes the double-drfferentiated value DDDTC based on the single differentiated value 
DDTCR. 

At step 1057, the ECU 30 determines whether the absolute value of the double-differentiated value DDDTC is 
smaller than a predetermined value DDDTC1 . If the determination is satisfied, the ECU 30 proceeds to step 106 (see 
Fig. 3) for permitting learning and renewing of the learning value DTG and executes the subsequent processing. 

If the determination is not satisfied at step 1057, the ECU 30 judges that the rate of change in the rotation fluctua- 
tion value DTCRK is fluctuating in an extreme manner and that it is difficult to eliminate the error component caused by 
the fluctuation of the rate of change in DTCRK. The ECU 30 then temporarily terminates the subsequent processing. 

As described above, learning of the learning value DTG is prohibited when the rate of change in the rotation fluc- 
tuation value DTCRK fluctuates in an extreme manner. This eliminates error components generated by the fluctuation 
of the average value of the rotation fluctuation value DTCRK when setting and renewing the learning value DTG. This 
improves the accuracy of the learning value DTG thereby dramatically improving the accuracy of the misfire detection. 

Although only five embodiments of the present invention have been described herein, it should be apparent to 
those skilled in the art that the present invention may be embodied in many other specific forms without departing from 
the spirit or scope of the invention. Particularly, it should be understood that the invention may be embodied in the fol- 
lowing forms. 

(1) The present invention may be adopted to engines other than the in-line four cylinder type engine 1 . For example, 
the present invention may be embodied in a six-cylinder V-type engine, an eight cylinder type engine and an in-line 
six cylinder type engine. 

(2) When downshifting an automatic transmission vehicle, a high engine speed NE may disturb the learning value 
DTG. In this case, the learning may be prohibited. Specifically, a step for prohibiting the learning under such a con- 
dition may be added after step 306. Further, the learning may be prohibited when the voltage of the battery is low 
or when a starting switch of an air conditioner is turned on and off. These prohibitions of learning improve the reli- 
ability of the learning value DTG thereby improving the accuracy of the misfire detection. 

(3) The learning may be permitted only when the engine speed NE is gradually lowering and may be prohibited 
when the engine speed NE is increasing. Further, the learning may be prohibited when the engine speed NE is low- 
ering in a fluctuating manner. Processing or these prohibitions may be added after step 306. When the engine 
speed NE is quickly increasing or decreasing, a large load acts on the engine. This prevents an accurate detection 
of the rotation fluctuation value. Therefore, prohibiting learning of the learning value in such conditions improves 
the accuracy of rotation fluctuation values and the accuracy of learning values. 

(4) In the above embodiments, the possibility of a misfire is detected when a value obtained by subtracting the 
learning value DTG from the reference rotation fluctuation value DTCRK is greater than the predetermined refer- 
ence value CTa (determination value). Alternatively, the reference value CTa may be learned and renewed 

Therefore, the present examples and embodiments are to be considered as illustrative and not restrictive and 
the invention is not to be limited to the details given herein, but may be modified within the scope and equivalence 
of the appended claims. 

An apparatus for detecting misfires in an internal combustion engine (1) that is mounted on a vehicle. A plurality of 
cylinders is defined in the engine (1), and a piston accommodated in each cylinder to reciprocate in the cylinder. A 
crankshaft (1 3) is connected with the piston, the crankshaft (13) is rotated by the reciprocal movement of the piston. An 
engine speed sensor (25) is provided for detecting the rotating speed of the crankshaft (13). An electronic conrrol unit 
(ECU) (30) computes the deviation or rotating speed of the crankshaft (13) corresponding to each cylinder based on 
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the detected engine speed, and the deA is proportional to the engine (1) load. The EGA sets a leaning value 
based on the computed deviation, wher^fe learning value is used for detecting the misfire^ie engine (1). A mem- 
ory (33) is provided for storing the learning value. Several sensors are provided for detecting a running condition of the 
engine (1) wherein the condition is included the engine (1) load. The ECU (30) renews the learning value stored in the 
memory (33) based on the detected condition of the engine (1). The ECU (30) determines whether the misfires occurs 
in each cylinder based on the difference between the deviation and the learning value. The ECU (30) renews the learn- 
ing value when the engine (1) load is less than a predetermined value. 



Claims 

1 An apparatus for detecting misfires in an internal combustion engine (1) of a vehicle, the apparatus comprising, a 
plurality of cylinders defined in the engine (1). a piston accommodated in each cylinder to reciprocate in the cylin- 
der a shaft (13) connected with the pistons, the shaft (13) being rotated by the reciprocal movement of the pistons, 
a speed sensor (25) for detecting the rotating speed of the shaft (13). a deviation computer (30) for computing the 
deviation between earlier and later times of the rotating speed of the shaft (13) at a selected portion of the cycle of 
a selected piston based on the detected speed of the shaft (13). a setting means (30) for setting a learning value 
based on the computed deviation, wherein the learning value is a reference value used for detecting misfires in the 
cylinders a memory (33) for storing the learning value, and a first determiner for determining whether a misfire has 
occurred in the selected cylinder based on the difference between the deviation and the learning value, the appata- 
tus characterized by that the learning value is set while the engine (1) is under load and during fuel combustion. 

2 An apparatus for detecting misfires in an internal combustion engine (1 ) of a vehicle, the apparatus comprising, a 
plurality of cylinders defined in the engine (1). a piston accommodated in each cylinder to reciprocate in the cylin- 
der a shaft (13) connected with the pistons, the shaft (13) being rotated by the reciprocal movement of the pistons, 
a speed sensor (25) for detecting the rotating speed of the shaft (13). a deviation computer (30) for computing the 
deviation between earlier and later times of the rotating speed of the shaft (13) at a selected portion of the cycle of 
a selected piston based on the detected speed of the shaft (13). wherein the deviation is affected by the load on 
the engine (1) a setting means (30) for setting a learning value based on the computed deviation, wherein the 
learning value is a reference value used for detecting misfires in the cylinders, a memory (33) for storing the learn- 
ing value a condition sensor for detecting a running condition of the engine (1), wherein the condition is indicative 
of the load on the engine (1), a learning means (30) for renewing the learning value stored in the memory (33) 
based on the detected condition of the engine (1), and a first determiner for determining whether a misfire has 
occurred in each cylinder based on the difference between the deviation and the learning value, the apparatus 
characterized by means (30) for permitting the renewing the learning value by the learning means (30) only when 
the engine (1) load is less than a predetermined value. 

3 The apparatus according to claim 2, wherein the first determiner determines that a misfire has occurred when the 
difference between the deviation of a particular cylinder and the learning value is greater than a predetermined ref- 
erence value. 

4. The apparatus according to claim 2, wherein the first determiner determines that a misfire has occurred when the 
difference between the deviation of a particular cylinder is greater than the learning value. 

5. The apparatus according to claim 2, further comprising an averager for computing an average deviation, and 
wherein the setting means (30) sets the learning value based on the average deviation. 

6. The apparatus according to claim 5, wherein the setting means (30) modifies the learning value by reducing the 
influence of a change of vehicle speed on the the learning value. 

7. The apparatus according to claim 2. wherein there are cylinder groups among the cylinders, wherein the cylinders 
of a group have characteristics in common, and the learning value is set for each group. 

8. The apparatus according to claim 7, wherein the engine (1) has four cylinder forming two groups, and the setting 
means (30) sets two learning values, one for each group. 

9. The apparatus according to claim 2. wherein the engine (1) is cooled by coolant, wherein the temperature of the 
coolant is divided into a plurality of ranges, and wherein the learning value is set for each temperature range. 
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10. The apparatus accordi^^Bclaim 2, further comprising an intake passage^^^nnected to the cylinders, and a 
throttle valve (8) positionlWl the intake passage (2) for adjusting the amounWB flow through the intake passage 
(2), wherein the means (30) for permitting permits the renewing of the learning value when the opening amount of 
the throttle valve (8) is less than a predetermined amount. 

5 

11- The apparatus according to claim 10, wherein the means (30) for permitting permits the renewal of the learning 
value after the opening of the throttle valve (8) is reduced to less than a predetermined amount. 

12. The apparatus according to claim 10, wherein the means (30) for permitting permits the renewal of the learning 
io value after a predetermined time period elapses from when the opening of the throttle valve (8) is reduced to a pre- 
determined amount. 

1 3. The apparatus according to claim 2, wherein the shaft (13) has a range of rotating speeds, and the range of rotating 
speeds of the shaft (13) is divided into a plurality of sub-ranges, and wherein the learning value is set for each 

is speed sub-range. 

14. The apparatus according to claim 13, wherein each speed sub-range includes a learning range within which the 
renewing of the learning value is permitted, wherein each learning range is narrower than the speed sub-range 
within which it is included. 

20 

15. The apparatus according to claim 13, further comprising an prohibiting means (30) for prohibiting the renewing the 
learning value, and wherein the learning value has an initial value, and wherein when a renewed learning value in 
one speed range is changed rapidly from a previous learning value, the learning means (30) sets the learning value 
to the initial value in every other speed range, and wherein the prohibiting means (30) prohibits the renewal of the 

25 learning value in all the speed ranges. 

16. The apparatus according to claim 13, wherein the permitting means (30) allows the first determiner to determine 
whether misfires have occurred in the speed range to which the renewed learning value belongs when an initial 
renewed learning value is substantially equal to the most recent learning value. 

30 

1 7. The apparatus according to claim 1 6, further comprising a second determiner for determining whether the renewed 
learning value is stabilizing, wherein the second determiner determines that the learning value is stabilizing when 
the new learning value is substantially equal to the most recent learning value, and wherein the permitting means 
(30) allows the renewal of the learning value in one speed range when the learning value in another speed range 

35 is determined by the second determiner to be stablizing. 

18. The apparatus according to daim 2, wherein the learning means (30) renews the learning value based on the most 
recent learning value and a previous learning value, and wherein the renewed learning value is a function of the 
most recent learning value and the previous learning value. 

40 

19. The apparatus according to claim 18, wherein the function is changed when the current learning value is drastically 
changed from the previous learning value. 

20. The apparatus according to claim 18, wherein the most recent learning value is set as a new learning value when 
45 the most recent learning value is drastically changed from the previous learning value. 

21 . The apparatus according to claim 2, wherein the permitting means (30) allows the renewal the learning value when 
the rotating speed of the shaft (1 3) is decreasing gradually. 

so 22. The apparatus according to claim 2, further comprising a second determiner for determining whether the renewed 
learning value is stabilizing, and wherein the first determiner functions when the learning value is determined to be 
stabilizing. 

23. The apparatus according to claim 2, wherein the learning means (30) computes a first difference between a current 
55 deviation and a previous deviation, and the learning means (30) computes a second difference between the previ- 
ous deviation and a further previous deviation, and the learning means (30) subtracts the second difference from 
the first difference, and the learning means (30) accumulates the subtracted value a plurality or times. 
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24. The apparatus according to claim ^feher comprising a differential computer (30) for^^Auting a double differ- 
entiated value concerning time, anS^lrein the allowing means (30) allows the renewal^lR learning value when 
the double differentiated value is within a predetermined range. 

5 25. A method for detecting misfires in an internal combustion engine (1), the engine (1) having a plurality of cylinders 
defined in the engine (1), a piston accommodated in each cylinder to reciprocate in the cylinder, a shaft (13) con- 
nected with the piston, the shaft (13) being rotated by the reciprocal movement of the piston; the method compris- 
ing detecting the rotating speed of the shaft (13), computing the deviation between an earlier time and a later time 
of the rotating speed of the shaft (1 3) for a selected portion of the cycle of a selected cylinder based on the detected 

10 speed of the shaft (13), setting a learning value based on the computed deviation, wherein the learning value is 
used for detecting the misfires in the engine (1), storing the learning value in a memory (33), detecting a running 
condition of the engine (1), wherein the running condition is indicative of the load on the engine (1), renewing the 
learning value stored in the memory (33) based on the detected condition of the engine (1), and determining 
whether a misfire has occurred in the selected cylinder based on the difference between the deviation and the 

75 learning value, the method characterized by permitting the renewing the learning value by the learning means (30) 
only when the engine (1) load is less than a predetermined value. 

26. The method of claim 25, including determining that a misfire has occurred when the difference between the devia- 
tion of the selected cylinder and the learning value is greater than a predetermined reference value. 

20 

27. The method of claim 25, including the step of averaging the deviation of all the cylinders and basing the learning 
value on the average. 

28. The method of claim 25, wherein the plurality of cylinders include groups of cylinders having common characteris- 
es tics, wherein the step of setting a learning value includes setting a learning value for each group of cylinders. 

29. The method of claim 25, wherein the engine (1) is cooled by coolant, and wherein the method includes the step of 
dividing the temperature range of the coolant into a plurality of sub-ranges, and wherein the step of setting a learn- 
ing value includes setting a learning value for each sub-range. 

30 

30. The method of claim 25, wherein the step of permitting the learning includes the step of permitting the learning only 
when the opening of the throttle valve (8) is less than a predetermined amount. 

31. The method of claim 25, wherein renewal of learning is permitted only after a predetermined time period has 
35 elapsed from when an opening of a throttle valve (8) of the engine (1) is reduced to a predetermined amount. 

32. The method according to claim 25, wherein the rotating shaft (13) has a range of rotating speeds, and the range of 
speeds is divided into a plurality of speed sub-ranges, and wherein a learning value is set for each sub-range. 

40 33. The method of claim 32, wherein each speed range includes a learning range within which the renewal of the learn- 
ing value is permitted, wherein each learning range is narrower than the speed sub-range within which it is 
included. 

34. A method for detecting misfires in an internal combustion engine (1), the engine (1) having a plurality of cylinders 
45 defined in the engine (1), a piston accommodated in each cylinder to reciprocate in the cylinder, a shaft (13) con- 
nected with the piston, the shaft (13) being rotated by the reciprocal movement of the piston; the method compris- 
ing detecting the rotating speed of the shaft (13), computing the deviation between an earlier time and a later time 
of the rotating speed of the shaft (1 3) for a selected portion of the cycle of a selected cylinder based on the detected 
speed of the shaft (13), setting a learning value based on the computed deviation, wherein the learning value is set 
so during fuel combustion and while the engine (1) is loaded, storing the learning value in a memory (33), and deter- 
mining whether a misfire has occurred in the selected cylinder based on the difference between the deviation and 
the learning value, the method characterized by the learning value is used tor detecting the misfires in the engine 
(1). 

55 35. The method of claim 34, including the steps of: 



detecting a running condition of the engine (1); and 

renewing the learning value based on the detected condition of the engine (1). 
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• 



36. The method of claim 3^^feding the step of permitting the renewal of the >3^fcp value only when the engine (1) 

load is less than a predSKined level. 
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